Molecular dynamics simulation of neuropeptide B and neuropeptide W in the dipalmitoylphosphatidylcholine membrane bilayer.
GPR7 and GPR8 are recently deorphanized G-protein-coupled receptors that are implicated in the regulation of neuroendocrine function, feeding behavior, and energy homeostasis. Neuropeptide B (NPB) and neuropeptide W (NPW) are two membrane-bound hypothalamic peptides, which specifically antagonize GPR7 and GPR8. Despite years of research, an accurate estimation of structure and molecular recognition of these neuropeptide systems still remains elusive. Herein, we investigated the structure, orientation, and interaction of NPB and NPW in a dipalmitoylphosphatidylcholine bilayer using long-range molecular dynamics (MD) simulation. During 30-ns simulation, membrane-embedded helical axes of NPB and NPW tilted 30 and 15°, respectively, from the membrane normal in order to overcome possible hydrophobic mismatch with the lipid bilayer. The calculation of various structural parameters indicated that NPW is more rigid and compact as compared to NPB. Qualitatively, the peptides exhibited flexible N-terminal (residues 1-12) and rigid C-terminal α-helical parts (residues 13-21), confirming previous NMR data. A strong electrostatic attraction between C-termini and headgroup atoms caused translocation of the peptides towards lower leaflet of the bilayer. The stabilizing hydrogen bonds (H-bonds) between phosphate groups and Trp1, Lys3, and Arg15 of the peptides played important roles for membrane anchoring. MD simulations of Alanine (Ala) mutants revealed that WYK->Ala variant of NPB/NPW lacked crucial H-bond interactions with phospholipid headgroups and also caused severe misfolding in NPB. Altogether, the knowledge of preferred structural fold and interaction of neuropeptides within the membrane bilayer will be useful to develop synthetic agonist or antagonist peptides for GPR7 and GPR8.